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Localised H 1 21-cm absorption towards a double-lobed z = 0.24 
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ABSTRACT 

We present the results of a mini-survey for associated H 1 21-cm absorption at 2 ^ 0.42 with 
the Giant Metrewave Radio Telescope. Our targets are radio galaxies, selected on the basis that 
the A « 1216 A luminosities are below Lyv ~ 10^'^ W Hz^^, above which there has never 
been a detection of 21-cm absorption. Of the three sources for which we obtained good data, 
two are unclassified active galactic nuclei (AGN) and one is type-2. Being a non-detection, 
the type-2 object is consistent with our previous result that 21-cm absorption in radio sources 
is not dictated by unified schemes of AGN. In the case of the detection, the absorption only 
occurs towards one of the two resolved radio lobes in PKS 1649-062. If the absorption is due 
to another intervening galaxy, or cool H I gas in the intergalactic medium, covering only the 
south-west lobe, then, being at the same redshift, this is likely to be gravitationally bound to 
the optical object identified as PKS 1649-062. If the absorption is due to an inclined disk 
centred between the lobes, intervening the SW lobe while being located behind the NE lobe, 
by assuming that it covers the emission peak at w 150 kpc from the nucleus, we estimate a 
dynamical mass of w 3 X 10^2 Mq for the disk. 

Key words: galaxies: active - quasars: absorption lines - radio lines: galaxies - ultra violet: 
galaxies - galaxies: fundamental parameters - galaxies: individual (PKS 1649-062) 



1 INTRODUCTION 

Redshifted Hi 21-cm absorption can provide an excellent probe 
of the contents and nature of the early Universe, through surveys 
which are not subject to the same flux and magnitude limitations 
suffered by optical studies. In particul ar, observation of the epoch 
of re-ionisation (e.g. lCarilli et al .|2004 . measurement of the contri- 
buti on of the neutr al gas content to the mass density of the Universe 
(see lCurranll2oToh . as well as measuring any putative variations in 
the values of th e fundamental constants at large look-back times 
jTzanavaris ela l. 2005, 200Z). 

Such absoiption is, however, currently rare, with only 75 H I 
2 1 -cm absorption systems at z ^ 0.1 known - 4 1 of which occur in 
galaxies intervening the sight-lines to more distant quasars, with the 
remainder arising in the hosts of radio galaxies and quasars (sum- 
marised in iCurra n 2010; Curran & Whiting 2 uj respectively)Q 
While the 50% detection rate in intervening absorbers can be 
attributed to flux coverage e ffects, introduced by t he geometry 
of a fl at expanding Universe jCurran & Webbll2006l Ic urran et al.l 
the detection rate in these latter "associated" systems is cur- 
rently attributed to unified schemes of active galactic nuclei (AGN), 
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gas along our sight-line. We jCurran et al .l2008bh have however re- 
cently found that the ultra-violet luminosity of the AGN is the key 
in determining whether 21-cm absorption is detected, with AGN 
type having little beari ng on this, contrary to the current consensus 
jGuDta & Saiki3l2006l and references therein). Indeed, UV lumi- 
nosities may also be the root cause of other observed properties, 
seemingly responsible for the 21-cm d etection rate in the hosts of 
radio galaxies and quasa rs jCurran & Whiting.2010l and verified by 
iGrasha & Darling|l201lh . 



We hence suggest that the paucity of redshifted 21-cm absorp- 
tion is due to the optical selection of targets, where at such large dis- 
tances only the most UV luminous are known. We have therefore 
embarked on several observing campaigns, at various redshifts, of 
optically faint sources in order to test this hypothesis and increase 
the number of associated 21-cm absorbers known at 2 0.1. In this 
letter we present the first of these, a mini-survey using the 1000- 
1450 MHz band of the Giant Metrewave Radio Telescope (GMRT), 
in which we find 21-cm absorption towards one of the two lobes 
resolv ed in PKS 1649-062, a 2 = 0.24 radio galaxy ( iBest et al.l 
[199^ . 
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2 THE 1420 MHZ BAND GMRT MINI-SURVEY 



2.1 Source selection 



As per our previous surveys dCurran et al 1l2006ll2008blEoT 11), we 
selected tar gets from the Parkes H alf-Jansky Flat-spectrum Sam- 
ple (PHFS. iDrinkwater et al.lll997l) . a source of bright and gen- 
erally compact radio obj ects for which ther e exists comprehen- 
sive optical photometry jprancis et al. I l2000h . In order to ensure 
that the A ~ 1216 A luminosities of our targets are below the 
critical Luv ~ 10^'^ W Hz~^, above which 21 -cm has never 
been detected l lCurran et al ]|2008ah , we target those which are suf- 
ficiently faint at a given redshift. H owever, applying the B — z 
curve (figure 5 of lCurran et al.l2009l) as an initial diagnostic, yields 
only two PHFS sources with B > 22 in the 307-347 MHz band 
{z = 3.09 — 3.63), both of w hich have been previously searched 
for 21 -cm jCurran et al .l2008bf) . Of the other available bands, there 
are three with B > 20 in the 580-640 MHz band (z = 1.22-1.45), 
whereas in the 1000-1450 MHz band (z ^ 0.42) there are 15 
sources with measured redshifts and B 190 

We therefore selected the ten faintest in this band, for which 
we also requested time to search for OH 18-cm absorption, on the 
basis of their large blue-near-infrared colours (all ten have B — 
K ^ 5.33, cf. ^ 6 for the five known redshifted OH absorbers, see 
ICurran et al.ll201 if) . However, time was only awarded to search for 
21-cm in four objects and so we selected the two reddest which had 
not been previously searched, PKS 0036-216 (B — K = 6.22) and 
1 128-047 {B - K = 7.55), as well as the two with the largest flux 
densities (estimated to be ~ 2 Jy), 0153-410 and 1649-062. 



2.2 Observations and data reduction 

The four shortlisted targets (listed in Table [T) were observed with 
the 1000-1450 MHz receiver backed with the FX correlator over a 
bandwidth of 8 MHz split into 256 channels. This setup was chosen 
in order to give a channel spacing of ~ 8 km s"^, while maintain- 
ing a coverage of Az ~ ±0.004, thus covering any uncertainties 
in the redshifts of the targets. Regarding the observations of these: 
PKS 0036-216 was observed at a central frequency of 1061 MHz 
for a total of 0.90 hours on 26 November 2009. The delays were 
self calibrated, with PKS 0023-26 being used for the bandpass 
calibration. Minimal radio frequency interference (RFI) meant that 
only non-functioning antennas had to be flagged, leaving 365 good 
baseline pairs. For this, and the other targets, the data were reduced 
using the MIRIAD inteiferometry reduction package, from which a 
spectrum was extracted from the cube. The source was unresolved 
by the 4.8" x 3.6" synthesised beam. 

PKS 0153-410 was observed at a central frequency of 1 159 MHz 
for a total 1 .82 hours on 26 November 2009. Again, the delays were 
self calibrated, with 3C 48 being used for bandpass calibration. Se- 
vere RFI over the length of the observation meant that no image 
could be produced. 

PKS 1128-047 was observed at a central frequency of 1122 MHz 
for a total of 0.93 hours on 25 July 2010. The delays were calibrated 
using LBQS 1 148-0007 and the bandpass using 3C 286. RFI was 
minimal, leaving 365 good baseline pairs. The source was unre- 
solved by the 5.6" x 3.2" synthesised beam. 
PKS 1649-062 was observed at a central frequency of 1149 MHz 
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Host (absorption) redshift, z^^ 

Figure 2. The scaled velocity integrated optical depth of the H I line 
(1.823 X 10^^./ rdv) [top] and the ultra-violet (A 1216 A) luminosity 
[bottom] versus the host redshift for the z ^ 0.1 radio galaxies and quasars 
searched in associated 21-cm absorption. The filled symbols represent the 
21-cm detections and the unfilled symbols the non-detections, with the lai'ge 
black symbols designating the new results presented here. The shapes rep- 
resent the AGN classifications, with triangles representing type-1 objects 
and squares type-2s (+ and X designate an undetermined AGN type for a 
detection and n on-detection, respect ively). Limited to z i 1.2 to show the 
new results. See lCurran et aflfcoilb for the full redshift range. 



for a total of 2.29 hours on 27 November 2009. The delays were cal- 
ibrated using PKS 1621-11, with bandpass calibration by 3C273 
and 3C 468. Although there was little sign of RFI, after calibration, 
using either bandpass calibrator, some of the antenna pairs (involv- 
ing mostly antenna number 15 and above) exhibited flux densities 
which were so low as to be comparable with the r.m.s. noise and 
the inclusion of these prevented the production of any reasonable 
image. We therefore used a script to automatically flag all of those 
with a mean flux-to-noise ratio below some specified value. Only 
once this value reached 10 was a reasonable image (that shown in 
Fig. [T] left) obtained and since this left us with only 60 baseline 
pairs, further flagging would have been detrimental to this. The 
flagging of the longer baselines meant that the synthesised beam 
was much coarser than for the other observations (50" x 29" ). Nev- 
ertheless, this was sufficient to resolve a double lobed radio source, 
in which 21-cm absorption was detected towards one of the lobes. 



3 RESULTS AND DISCUSSION 
3.1 Survey results 

In Table Ul we summarise the results of the survey, where we de- 
tected 21-cm in one of the three sources for which there are useful 
data (see Fig.[T] right). Showing the limits obtained in the top panel 
of Fig.|2l we see that the column density of the detection is in the 
nominal range of those previously searched and that the two non- 
detections are at comparatively deep limits. In the bottom panel we 
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Right Asc 6nsion (J2000) Doppler corrected frequency [MHz] 

Figure 1. Left: The GMRT 1 149 MHz continuum image of PKS 1649-062 (cf. the 408 MHz image of lBest et alj 19991 which also resolves the two features). 
The beam is shown in the bottom left comer. Right: The spectra extracted from the north-east and south-west lobes of the image, shown at the observed channel 
widthof 8.2kms~l. 



Table 1. Summary of the search for 21-cm absorption in the hosts of optically faint PHFS sources which fall into the 1000-1450 MHz band, i^o^s is 
the observed central frequency [MHz], B is the blue magnitude used in the selection of the sources, Luv is the A = 1216 A luminosity of the target 
[W Hz-i] (calculated using the method prescribed in lCurran et al.ll2008bl) . cTrms is the r.m.s. noise [mjy/beam] reached per Av channel [km s ^], 
•Scont is the continuum flux [Jy], r is the peak optical depth of the line, where r = — ln(l — ScTrms />Scont ) is quoted for the non-detections, A^hi is 
the resulting column density [cm~^], where Ts// is the spin temperature/covering factor degeneracy of the of 21-cm absorbing gas, followed by the 
redshift range over which this applies. Finally, we give the AGN type. 
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show how the A — 1216 A luminosities of our targets compare to 
those previously searched for 21-cm absorption, where, as expected 
from our source selection, these are well below Luv ~ 10^^ W 
Hz~^, at the lower end of the searched UV range. 



takes the detection rates to 11 out of 23 (48%) and 17 out of 38 
(45%) for the type-1 and type-2 AGN, respectively. 



As discussed in Sect. [T] the detection of 21-cm absorp- 
tion in radio galaxies and quasars is usually attributed to unified 
schemes of AGN, where type-2 objects generally exhibit absorp- 
tion, whereas type-1 objects do not. However, onc e the effect of the 
UV luminosity is removed, ICurran etal 1 (l2008bh found that there 
is a near 50% detection rate for both type-1 and type-2 objects. Un- 
fortunately, two of the targets cannot be classified; 1649-062 does 
not have an AGN classifi cation as its opti cal spectrum is purely 
t hat of an elliptical galaxy teestetalJI 19991) . although it does have 
a lFanaroff & RilevI ( Il974l) type-II radio morphology, while 0036- 
216 does not have any published spectrum suitable for discerning 
its AGN type. The one non-detection for which there exists a clas- 
sification (1128-0047, TablelTJ is a type-2 object, which would be 
expected to exhibit absorption, where this determined by the uni- 
fied schemes. Adding this to the statistics of the z ^ 0.1 searches. 



3.2 The absorption in PKS 1649-062 

We believe that this is the highest redshift detection of Hi 21- 
cm absorption against an extend ed radio lobe to date, the first 
cases being 3C234 (z = 185, JPihlstroml 1200 ll) and Coma A 
(2 = 0.086. iMorganti et al.ll2002l) . In Fig. [3] we show the Gaus- 
sian fit to the absorption profile of 1649-062. The full-width half 
maximum (FWHM) of 181 km gives a velocity integrated line 
strength of 1.91 Jy km s~^, which agrees well with the 2.0 ± 0.5 
Jy km obtained from summing the channels. The peak absorp- 
tion occurs at a velocity offset of 116 km from the reference 
z — 0.236 (with a depth of 10 mjy), which gives a redshift of 
z = 0.23648. This is consistent, within uncertainties , with the 
z = .236 ± 0.002 obtained from the optical spectrum jBest et al] 
1 19991) . From the image, the centre of the NE and SW emission re- 
gions are separated by ~ 80" (both ~ 40" from the point of mini- 
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Velocity relative to z = 0.23600 [km/s] 



Figure 3. Gaussian fit to the absorption towards tlie SW lobe. 

mum flux), which gives a projected extent of ~ 300 kpc spanning 
between both emission peaks|j 

3.2.1 Associated absorption by a large galactic disk 

If the 21 -cm absorption in PKS 1649-062 arises in a disk centred 
between the two radio lobes, it must have a non-negligible incli- 
nation along our sight-line in order to absorb in the SW, where it 
would occult the lobe, while being behind the NE lobe. For the 
disk to cover the peak emission at the SW lobe, its radius, rdisk, 
rotational velocity, Udisk, and inclination, i, would be related to the 
observed properties via 




where riobc is the projected distance of the emission peak from 
the nucleus and v^hs is the observed rotational velocity. Although 
we do not have the information to break the degeneracy, combining 
equation[T]with Newton's second law gives for the dynamical mass, 
in solar masses, 

Mdyn ^ 231 rdisk tan"* i, (2) 

Vnobc/ 

where rdisk [pc] is the disk radius rotating at Vdis\s. [km s^^]. 

Applying riobc ~ 150 kpc and the full observed line width of 
'i'obs ~ ±160 km s^^, in Fig.|4]we show the results of equations 
□ and|2]for various disk inclinations, which are overlaid with the 
permitted velocity, radius and subsequent dynamical mass at vari- 
ous inclinations. These are constrained from rdiak = riobc/ sin i 
and Udisk = (rdisk/rem) (fobs /cos i), where rem is the extent of 
the background emission behind the disk. We find this to be ~ 200 
kpc (beyond which the summed continuum and absorption profile 
disappear). The additional factor of rdisk/'"om is used to account 
for the possibility that the observed velocity, in addition to being 
projected in inclination, may be a projection due to the background 
emission not reaching as far as the disk edge, thus not allowing 
this to absorb. That is, this correction accounts for the possibility 
that the 21 -cm absorption may not extend as far as the 21 -cm emis- 
sion from the disk, could this be detected. Note that the correction 
is responsible for the climb in velocity above rdisk ~ 200 kpc in 
Fig.|4] where otherwise this would decline to close to the observed 

3 For Ho = 71 km s"! Mpc^i, rimattor = 0.27 and Qa = 0.73. 
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Deprojected disk radius, r^^^^ [kpc] 

Figure 4. The deprojected rotation velocity (top) and dynamical mass (bot- 
tom) versus radius for a disk with an observed maximum rotational velocity 
of 160 km s^^ and a projected radius of 150 kpc for various inclinations. 
The inclination angles decrease from left to right in steps of 10 degrees, 
starting at j = 80° (dotted curve) and ending on j = 10° (full curve). The 
thick contours show the permitted values for the putative disk at various 
incHnations (full for a thin disk and broken for a thick disk, see main text). 



velocity by a radius of > 1 Mpc (where iJdisk ~ 162 km s ^ and 
i < 9°). 

From this model, we find a minimum mass of 2.7 X 10^^ Mq 
(for i ~ 50°, where Udisk ~ 240 kms^^ and rdisk ~ 200 
kpc). Without a maximum deprojected velocity we cannot estimate 
the maximum possible dynamical mass, but adopting the ±290 
km s~^, which is the largest profile widt h found in the low red - 
shift {z < 0.04) H I Parkes All-Sky Survey jKoribalski et al.l2004l) . 
gives a dynamical mass of 3.3 X 10^^ Mq within a 170 kpc radius 
(i ~ 60° , from the rdisk ^ part of the curve). 

Large (100 kpc-scale) disks have been observed in nea r-by ra- 
dio galaxies (e.g. lMorgantietai]|2002l J Emonts et al ]|2008l) and, in 
order to account for the asymmetric properties observed in some 
radio galaxies, "superdisks" of gas and dust around the elliptical 
hosts of powerful radio galaxies, have been proposed. These are 
oriented roughly orth ogonal to the radio jets, where one lobe is 
obscured by the disk jAthreva et al.lll998t iGopal-Krishna & Wiital 
1 200(1 ). Such disks have dia meters of at least 75 kpc , altho ugh the 
maximum in the sample of iGopal-Krishna "& Wiit j ilOOd) is 137 
kpc, which is considerably lower than the minimum estimated di- 
ameter of « 340 kpc for the putative disk in PKS 1649-062. These 
superdisks can be one third as thick as they are long and broaden- 
ing the disk to this ratio with the addition of a (fdisk/2) cos i term, 
where tdisk is the disk thickness, and assuming no shear across the 
edge of the disk (Fig.|4l broken contours), still gives a diameter of 
> 300 kpc (i < 56° and il/dyn ~ 2.7 x 10^^ Mq, for rdisk < rem) 
for Hdisk ~ 290 km s~^. 
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Figure 5. The 1 149MHz continuum emission ov erlayed on a red P0SS2 
optical image. The host galaxy, as determined by [Best et all h999l) . is la- 
belled 'H', with three potential hosts for the absorbing gas labelled 'A' , 'B' 
and 'C (see main text for description). 



Table 2. The B and R magnitudes of the possible absorption features. 





B 


R 


B- R 




B 


R B - R 


H 


20.44 


17.43 


3.01 


B 


19.76 


17.95 1.81 


A 


20.13 


18.75 


1.38 


C 




19.67 — 



3.2.2 Other possible sources of absorption 

Such a large implied size for a single absorbing disk can be avoided 
by having the absorbing gas: 

(i) Within or close to a neighbouring galaxy. Referring to an 
optical image of the field (Fig.|5](, there are at least three candidates 
for the location of the absorbing gas lying within the SW radio 
lobe (A, B and C), although the absorption redshift would require 
the gas to be located in the same cluster as the host, 'H', which 
is the only galaxy in this field with a known redshift jBest et al] 
1 19991) . We list the photometry of the host an d the three candidat e 
objects in Table[2]using the USNO-B survey jMonet et aril2003h . 
from which we see that the colours (B — R) of 'A' and 'B' are not as 
red as the host galaxy. Without spectroscopy, however, it is unclear 
whether this difference is due to a difference i n redshift, or whe ther 
they lack the 4000A break of the host galaxy jSest etaljl999h . 

(ii) Arising from tidal debris left over from a major merger 
event. The presence of 21-cm absorption as far as ~ 150 kpc from 
the nucleus may be naturally explained by the cold gas left over 
from a collision, a c ommon mechanism in the formation of pow- 
erful radio galaxies faeckman et"al]|l984lBaum et al.lll992l) . The 
component of this debris which remains gravitationally bound may 
eventually form a large H I disk structure on the time-scale of a Gyr 
(e.g.^Barnes 200Z: .Morgan ti et al. 2002; Emonts et al. 2 000). 

(iii) Cool gas in the intergalactic medium (IGM). IPihlstrornl 
( I2OOII) describes a similar situation to that of PKS 1649-062, where 
21-cm absorption is detected primarily towards one of the two lobes 
in 3C234. This is interpreted as cool gas in the IGM, possibly 



where the radio lobe interacts with this, and so may also explain 
the localised absorption we observe. 
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